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Abstract

A questionnaire survey was administered to 66 secondary 5 Normal level students in
Singapore to sample students’ ideas on the scientific concept of food in school biology. Between
30% to 60% of the respondents believed that food yielded energy but this concept was context
dependant and not widespread. Primary responses predominated as students felt that the
biological functions of food were for sustenance, satiation, growth and general well-being. They
seemed to hold a simplistic view that anything that was consumable (edible) was considered to
be a food. More than 75% of the sample accepted the idea that food can be in liquid state.
Students’ understanding of the biological concept of food was anthropocentric and not applied
across living organisms in heterotrophs (animals) or autotrophs (plants) as a whole. The
components of a balanced diet were understood but many students confused the concepts of
nutrients and water, believing the latter to be a food.

BEST COPY AVAILABLE



Introduction

Psychologists have long believed that learning is a highly complex process involving an
individual interacting with external environmental and internal cognitive factors. Presently,
cognitive learning theorists seem to be able to account for more of the learning processes than
behaviourists. Their (cognitivists) ideas will thus form the framework in the investigation of
some Singapore high school students’ understanding on the scientific concept of food in the
biology curriculum.

Failure to learn might involve among other things, lack of; cognitive preparation a la
Novak, qualitative mental operations a la Piaget, relevant subsumers a la Ausubel and mastery of
specific component skills a la Gagne (Simpson & Arnold, 1982a,b). More recently, the
constructivist viewpoint emphasises that a learner’s prior knowledge greatly affects learning
because he modifies, organises and stores information not necessarily in the same way he
received them. Either the learner abandons his prior experiences and learning completely (which
is rare) when confronted with formal instruction or more commonly, there will be some form of
syncretism  (Gilbert, Osbrone & Fensham, 1982). Thus, alternative frameworks or
misconceptions arise and these can act as impediments to science learning.

Other labels that are used to describe misconceptions in science, used often
interchangeably, include spontaneous reasoning, children’s science, alternative frameworks,
naive ideas and preconceptions. Misconceptions (Driver, Guesne & Tinberghian, 1985; Gilbert,
Osbrone & Fensham, 1982) share some characteristics listed below, with examples related to
biology;

a. perceptually dominated thinking (e.g. light is essential for plants lest they die/fall sick)
limited focus (e.g. water is more important than food)

linear causal reasoning (e.g. food gives energy, food is digested, thus digestion gives
energy)

undifferentiated concepts (e.g. food is anything edible)

context dependency (e.g. food in one situation is not food in another)

everyday language (e.g. respiration is breathing)

self-centered and anthropocentric thinking (e.g. food to human food)

teleological (e.g. food is food because it is edible).

S e o

The topic on food was chosen to investigate students’ misconceptions because it is
fundamental to understanding other related concepts in biology, for example respiration, nutrition
and photosynthesis. Furthermore, all these topics have been found to be conceptual minefields
for students across cultures. Yet, these topics form the foundations of biology and can be found
in the spiral curriculum in the school syllabus from primary to tertiary levels.

Materials and Method

The sample comprised 66 secondary 5 Normal stream students aged 16 to 18 years from
two high school classes who represented students in a less academically inclined group. Of the
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total sample, 29 were girls and 37 boys. The students studied combined science
(Biology/Chemistry) in the two preceding years prior to participating in this questionnaire survey.

A 16-item questionnaire was developed to sample student misconceptions that research
have shown to occur in the topics on food, photosynthesis and respiration. Items included
multiple choice and free response questions (see Treagust, 1988). The instrument was pilot-tested
among a sample of postgraduate biology students at the National Institute of Education. The
questionnaire was administered to the classes separately and respondents were given 40 minutes
to complete the questionnaire.

Results and Discussion

Six items in the survey questionnaire pertain to the topic of food and their analyses form
the basis of this paper. Nil response as well as non-answer(nonsense replies or tautologies) were
also scored. In order not to under-represent rare or unusual student replies under larger, more
inclusive categories, as many representative conceptions from students’ answers are recorded in
the following tables. Responses were not represented in percentages because of the small sample
size.

Q1. How do you define the term “food” ?

Student definitions of food Frequency (n=66)
gives energy only 9
gives energy, nutrients, carbohydrates 4
gives energy, strength l
gives energy, vitamins 3
gives energy, and to live 3
gives energy, and to fill stomach 3
can be eaten, consumed 15
contains nutrients, vitamins 7
for growth, survival 17
to fill stomach, satiation 2
to make us strong |
Non answer 1

Table I. Student definitions on the biological concept of ‘food’.

While there appears to be no agreed definition of food (Barker & Carr, 1989); it is
generally accepted that food gives utilisable energy to a living organism which is used firstly for
maintenance, and secondly for growth, tissue repair and reproduction (Bishop, Roth & Anderson,
1986; Bushell & Nicholson, 1985; Mayes, 1988; Mackean, 1986; Roth, 1985). The everyday
conceptions of food which are used in a loose manner (see Ferrer et. al. 1990; Simpson &
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Arnold, 1982b) serve no purpose except to confuse the issue. The concept of food was also found
to be variable and context dependent according to research done by Barker (1985, cited in Ferrer
et. al., 1990).

Twenty three respondents (34.4%) gave secondary-type of responses (see Simpson &
Arnold, 1982b) when they mentioned that food either gave energy only or in addition to doing
something else (see Table 1). In a British Survey, Simpson and Arnold (1982b) found that 54-
62% of 14-16 year old students mentioned the provision of energy in relation to food. Eisen and
Stavy (1988) reported that in Israel this figure was 40% for biology majors and 27% for non-
biology majors. In our survey, primary responses for example, “food can be eaten, is consumable,
contains nutrients, foods are prerequisites for survival” accounted, unfortunately, for the most of
the answers (63.6%). Indeed, Simpson and Arnold (1982b) believe that this can be attributed to
children being told to “eat well” or to “eat up to grow big” and thus food is often associated with
growing. Roth et. al. (1983, cited in Bell, 1985) opined that the circuitious explanation that food
is needed in order to live does not relate the function of food to the internal metabolic processes
in organisms. Nonetheless, this reasoning was found to be very common indeed in this survey.

Bishop, Roth and Anderson (1986) caution against accepting student responses such as
“food is energy” since students often confuse the notion of conservation of matter/energy in
respiration and photosynthesis. As such, the authors suggested that students should be taught the
food concept in functional terms as organic matter which provides energy for tissue metabolism
and allocation of stored energy for growth.

Q2. Why is eating an important animal activity?

There were two main groups of responses. Firstly, 64% (n=66) of respondents held the
conceptual framework that the purpose of “eating food” was to “obtain energy”. Surprisingly, the
energy-giving nature of food showed much lower values of 34.8% and 27.2% in Q1 and Q6
respectively. There seemed to be a conception that eating food gives energy but energy is not
equivalent to food per se. Data from Simpson and Arnold (1982a) revealed that half of 12-13 and
a third of 14-16 year olds from their sample thought that energy comes from food, food is then
digested and thus digestion not respiration releases energy!

Secondly, 32% (n=66) of respondents gave conceptions on food consumption which did
not go beyond surface-level processing. Their preconceptions of food centered on satiation (“to
fill stomach”), general well-being (“for health and nourishment”) and for life and living (“to live
and grow”). They has thus completely missed the critical point of eating food. A possible factor
might have been the cliched saying “eat to live, not live to eat”.

Q3. A man was injured in a car accident and taken to hospital in an unconscious
condition. Since he cannot eat, he was put on an intravenous drip of glucose and saline
(that is a needle is inserted into a vein through which the solutions were introduced). Is the
man taking in food? Explain your answer as fully as possible.



The majority, 79% of respondents correctly believed that the man was indeed taking in
food (see Table 2). Intriguing were the 11 students who believed that the intravenous drip was a
substitute or some kind of food. It would have been insightful to probe these students’ minds
further to investigate whether they thought liquid glucose is still a food by biological digestion,
even if it is not passed through the gut or blood system by intravenous drip.

Frequency Frequency
Not food 4 Is food 52
take medicine 1 no answer 4
glucose provide energy 2 non answer 1
only for functioning 1 IV is food 19
gives energy 16
chemical reaction for heart to
beat regularly 1
some kind or substitute
for food 11

no answer=10

Table 2. Student responses for Q3 on whether an intravenous drip was considered to be food.

Q4. What happens if a person eats only carbohydrates (in the form of polished rice) for
one month?

Frequency
unbalanced diet, falls ill, deficiency disease 38
grows thin 6
grows fat 8
no growth 1
dies 1
no answer 11
non answer 1

Table 3. Student responses for Q4 on the concept of a balanced diet.

This is a content knowledge question and it was relatively well answered with 38 students
(57.5%) describing it as an unbalanced diet or in terms of its symptoms - deficiency diseases
(Table 3). The other responses were interesting as some thought that the man would lose weight
while others were convinced the opposite would occur!
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Q5. Living things cannot survive without water. Would you group water under the term
“food”’?

YES, water is a food because (explain as fully as possible)

NO, water is not a food because (explain as fully as possible)

Frequency Frequency
Not food 11 Is food 40
non answer | non answer |
liquid not food 2 to live, survive,
essential for metabolism, more vital than food 28
survival 4 for respiration 1
no energy 4 quench thirst 1
body has lots of water 4
contains energy 5
no answer 4
non answer 1

Table 4. Student responses for Q5 on whether water was a food.

It is no surprise in Table 5 that so many students (40 or 60% of sample), held onto the
misconception that water is food as some standard textbooks (Exploring Science I, 1982; Lam,
1989; Soper & Smith, 1976) explicitly define it as such while Jones and Jones (1987) do so by
implication. Water does indeed serve myriad functions as many students answered yet it does not
satisfy the basic criteria of energy supply that makes it a food (Bishop, Roth & Anderson 1986;
Bushell & Nicholson, 1985; Mackean, 1986; Roth, 1985). The students gave primary responses
and only 4 judged water not to be a food since it provided no energy.

Q6.  Study the list of items given below and answer the questions as directed: Tick (/) if
you think it is a food, cross (x) if you think it is not a food. Why are the items you have
ticked called food? Why are the items you have crossed out not called food? Give your
reasons.
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Frequency

IT IS A FOOD YES | NO
petroleum 0 66
cotton wool 2 64
paper 7 59
soil 8 58
wood 13 53
fertiliser 22 44
chewing gum 25 41
insects 34 32
seeds 38 26 no answer=2
grass 45 21
vitamins 55 11
fruit juice 58 8
milk 6l 5
vegetables 65 1
fruits 65 |
meat 65 |
rice 66 0
Frequency
It is food because
it gives energy I8 but others are not food because
no energy 12
source of energy 1
inedible 4
no vitamins 1
is edible 29 but others are not food because
no answer 1
non answer |
inedible 24
comimon sense 1
unnecessary for life 2
can till stomach 1 but others are not food because

inedible, not fill stomach |
has organic nutrients 12 but others are not food because
no answer 3
non answer 4
inedible 4
not stop hunger 1

needed to survive l but others are not food because
poison, for other uses l

no answer 4
non answer |

Table 5. Student responses for Q6 arranged from the least to the most “food-like”.
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This question yields some interesting insights after arranging the items from the least to
the most ‘food-like’ in Table 5. Petrol was not considered a food at all though it is known that
certain microbes do consume it. Neither were cellulose materials e.g. cotton wool, paper, and
wood popular choices (3%, 10.6% and 19.7% respectively) in spite of the existence of termites
and ruminants being able to consume it. A possible reason for these results could be plain
ignorance. It is debatable whether chewing gum is a food since it contains sugar but apparently
less than 40% of our students believed it to be so. This is believed to be due to students
considering an animalistic conception of food; food being something for man or animals. As can
be seen, nearly half believed food was food because it was edible, very teleological indeed!

Each of the items from vitamins to rice were considered to be food by at least 75% of the
sample with the last four considered extremely ‘food-like’. Vitamins, while not considered a food
by scientific definition accounted for 83.3% of responses. According to Ferrer et al (1990), much
ambiguity also exists in defining everyday conceptions of food which includes drinks, snacks and
confectionery. Juice and milk in their cross-cultural report on young children in Australia and
Malaysia were not popular choices as food, contrary to our survey. Rice, as these authors have
found, was considered very food-like by Malaysian children as it supplied lots of energy.
Similarly, rice scored 100% affirmations in this sample.

Summary

This brief survey had highlighted insights into some Singapore high school students’
ideas about the topic of food while being mindful of the small sample size involved. Though
30% to 60% of the students said that food yielded energy, this concept was context dependant
and not very widespread. Food was just like fuel since both yielded energy but few appreciated
the idea of useful chemical energy which can be utilised by one system and not the other. Primary
responses predominated as students felt that food was for living, filling the stomach, essential for
health and growth or that which can be eaten. Indeed, students could identify what was food and
more than three quarters could accept the idea of food in liquid form. Students’ understanding of
the biological concept of food was anthropocentric and not applied across living organisms in
heterotrophs (animals) or autotrophs (plants) as a whole. The components of a balanced diet were
understood but many students confused a nutrient, water, to be a food. In other words, they
thought food was equivalent to nutrients and vice versa. Water although considered to be a
nutrient is not a food as it does not yield biological energy to organisms. Understanding the
concept of food is basic in science. Teachers need to emphasise food is any substance, in solid or
liquid state, by which any organism can obtain energy through the process of respiration.

References
Barker, M. A. and Carr, M. (1989). Teaching and learning about photosynthesis. Part I: An
assessment in terms of students’ prior knowledge. International Journal of Science Education,

11, 49-56.

Bell, B. F. (1985). Students’ ideas about plant nutrition: what are they? Journal of Biological
Education 19(3), 213-218.

BESTCGOPY AVAILABLE

Teanh
S



Bishop, B.A., Roth, KJ. and Anderson, C.W. (1986). Respiration and Photosynthesis: A
Teaching Module. Occasional Paper Number 90. IRT, Univ. of Michigan.

Bushell, J. and Nicholson, P. (1985). Biology Alive. Collins Educational.
Driver, R., Guesne, E. and Tinberghian, A. (1985). Some features of children’s ideas and their
implications for teaching. In Driver, R., Guesne, E. and Tinberghian, A. (Eds.) Children’s Ideas

in Science. Milton Keynes: Open University Press.

Eisen, Y. and Stavy, R. (1988). Students’ understanding of photosynthesis. American Biology
Teacher 50, 209-212.

Exploring Science | (1982). Lower Secondary Science Project. Curriculum Development
Institute of Singapore. Oxford University Press.

Ferrer, L., Leong, Y.P., Lee, S.M., Hill, D. and Francis, R. (1990). Food for thought: Students’
ideas about nutrition. Journal of Science and Mathematics in South East Asia, 13(1), 42-47.

Gilbert, J.K., Osborne, R.J. and Fensham, P.J. (1982). Children’s science and its consequences
for teaching. Science Education, 66(4), 623-633.

Jones, G. and Jones, M. (1987). Biology GCSE Edition. Cambridge University Press.

Lam, P. K. (1989). Comprehensive Biology : A Course for ‘O’ Level. Federal Publications.
Mackean, D. G. (1986). GCSE Biology. John Murray.

Mayes, P.A. (1988). Nutrition, digestion and absorption. In Murray, R. K., Granner, D. K,,
Mayes, P. A. and Rodwell, V. W. (Eds.) Harper’s Review of Biochemistry. Twenty first edition.

Appleton and Lange.

Roth, K. (1985). Food for Plants: Teacher’s Guide Research Series Number 153. Michigan State
University.

Simpson, M. and Arnold, B. (1982a). The inappropriate use of subsumers in biology learning.
European Journal of Science Education 4(2), 173-183.

Simpson, M. and Arnold, B. (1982b). Availability of prerequisite concepts for learning biology at
certificate level. Journal of Biological Education 16(1), 65-72.

Soper, R. and Smith, S. T. (1976). Biology, An Integrated Approach. McMillan.

Treagust, D. F. (1988). Development and use of diagnostic tests to evaluate students’
misconceptions in science. International Journal of Science Education, 10(2), 159-169.

10

11



Reproduction Release

SEVE31a¢

=d U.S. Department of Education
Office of Educational Research and Improvement

(OERI)

National Library of Education (NLE)
Educational Resources Information Center (ERIC)

Reproduction Release

(Specific Document)

]I DOCUMENT IDENTIFICATION:

Title:
Misconceptions on the Biological Concept of Food: Results of a Survey of High School Students

gAu;hor(s): Lee, Y. J., & DiOﬂg, C.H.

Corporate Source: In Margit Waas (Ed.). Enhancing Learning: Challenge of
Integrating Thinking and Information technology into the Curriculum(p.
825-832). Education Research Association: Singapore.

Publication Date:

1999

II. REPRODUCTION RELEASE:

I arder {0 disseminate us widcely as possible thinely and significant materiais of interesi 10 (he cducadonal comnitiaity, docaments unnounced in ihe
monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche, reproduced paper
copy, and electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Credit is given to the source of each document,

and, if reproduction release is granted, one of the following notices is affixed to the document.

If permission is granted to reproduce and disseminate the identified document, please CHECK ONE of the following three options and sign in the

indicated space following.

The sample sticker shown below will be

affixed to all Level | documents

The sample sticker shown below will be affixed to all

Level 2A documents

The sample sticker shown below will be affix

all Level 2B documents

. Level2B

Level 2A

O

ERIC

Aruitoxt provided by Eic:

Check here for Level | release, permitling
reproduction and dissemination in
microfiche or other ERIC archival media
(e.g. clectronic) and paper copy.

Check here for Level 2A release, permitting

reproduction and dissemination in microfiche and in

electronic media for ERIC archival collection
subscribers only

Page 1

Check here for Level 2B release, permittia
reproduction and dissemination in microfich




Reproduction Release

Documents will be processed as indicated provided reproduction quality permits.
f ])t,l’mlSSlOll to reproduce is gr‘mtud but no box is checkcd documents w1ll be procussed at. Level 1

Ihaleby grant to the Educational Resources Information Center (ERIC) nun(_xclu sive permission to reproduce and dtnemumte this document as
indicated above. Reproduction from the ERIC microfiche, or electronic media by persons other than ERIC employees and its system contractors
requires permission from the copyright holder. Exception is made for non-profit reproduction by libraries and other service agencies to satisfy
information needs of educators in response to discrete inquiries.

Signature: ! Printed Name/Position/Title:

_ Mr Lee Yew Jin
Organization/Address: Telcphone 065-4605919 Fax:
School of Science, Div of Biology, 065-4698952
National Institute of Education,
469 Bt Timah Road, E-mail Address:  Yjlee@nie.edu.sg Dae: 5 Dec 112

Singapore 259756.

ITI. DOCUMENT AVAILABILITY INFORMATION (FROM NON-ERIC SOURCE):

If permission to reproduce is not granted 1o ERIC, or, if you wish ERIC 10 cite the availability of the document from another source, please
provide the following information regarding the availability of the document. (ERIC will not announce a document unless it is publicly available,
and a dependable source can be specified. Contributors should also be aware that ERIC selection criteria are significantly more stringent for

documents that cannot be made available through EDRS )

Publisher/Distributor:

Address:

Price:

IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER:

If the right to grant this reproduction release is held by someone other than the addressee, please provide the appropriate name and address:

Name:

Address:

V. WHERE TO SEND THIS FORM:

%Send this form to the following ERIC Clearinghouse:

O

E MC Page 2

Aruitoxt provided by Eic:



’ Reproduction Release

However, if solicited by the ERIC Facility, or if making an unsolicited contribution to ERIC, return this form (and the document being
contributed) to: ERIC Processing and Reference Facility 1100 West Street, 2nd Floor Laurel, Maryland 20707-3598 Telephone:
301-497-4080 Toll Free: 800-799-3742  FAX: 301-953-0263 e-mail: ericfac@inet.ed.gov WWW: http://ericfac.piccard.csc.com

EFF-088 (Rev. 9/97)

E l{[\C Page 3

Aruitoxt provided by Eic:



